Effects of rapamycin on the mechanistic target of rapamycin (mTOR) pathway and telomerase in breast cancer cells.
The mTOR pathway and the enzyme telomerase are two key players commonly upregulated in cancers. They render survival and proliferative advantage to cancer cells, and are regarded as attractive anticancer targets. Rapamycin, a macrolide antibiotic and mTOR inhibitor, has recently also been implicated in telomerase inhibition and telomere attrition, although the mechanisms remain poorly understood. Using breast cancer cells (MCF-7 and MDA-MB-231) wherein telomerase activity and mTOR pathway are concurrently overexpressed, this study sought to unravel novel mechanisms by which rapamycin may affect these pathways. Short term treatment with an acute dose of rapamycin inhibited the mTOR pathway and telomerase activity and induced G1 arrest. This arrest was independent of cyclin D1 and p21 levels and was not mediated by DNA damage in both cell types. While long term treatment with a clinically relevant dose of rapamycin resulted in compromised population doubling capacity and mTOR pathway inhibition, there was no effect on telomere functionality and telomerase activity as evidenced by our assessments of hTERT protein levels, in vitro telomerase activity, telomere length and telomere FISH analyses. We also found that sustained rapamycin treatment leading to Akt activation may play a role in resistance in the more invasive MDA-MB-231 cells. In summary, rapamycin specifically inhibits the activation of mTOR pathway. Moreover, we show for the first time that while acute short-term treatment with rapamycin induces telomerase inhibition, it does not affect telomerase activity nor does it inflict telomere dysfunction in breast cancer cells upon chronic long-term treatment with a clinically relevant dose. These findings may be useful while designing combinatorial treatment strategies with rapamycin inhibition in the clinic.